ABSTRACT: Three studies were conducted to evaluate the feasibility of field peas as a protein source in diets for beef cattle. In the first study, 4 cultivars of field pea were incubated in situ to determine rate and extent of CP disappearance. Results indicate that field pea cultivars vary in CP content (22.6, 26.1, 22.6, and 19.4%, DM basis for Profi, Arvika, Carneval, and Trapper, respectively). Soluble protein fraction ranged from 34.9% for Trapper to 54.9% for Profi. Degradable CP fraction was greater (P = 0.01) for Trapper compared with the other cultivars, and no differences (P ≥ 0.25) were observed among Profi, Arvika, and Carneval. Rate of CP degradation differed (P ≤ 0.03) for all cultivars, with Profi being the greatest and Trapper the smallest (10.8, 10.0, 8.1, and 6.3 ± 1.4%/h for Profi, Carneval, Arvika, and Trapper, respectively). Estimated RDP was not different (P = 0.21) for all 4 cultivars. In the second study, 30 crossbred beef steers (301 ± 15 kg) were individually fed and used to evaluate effects of field pea processing (whole, rolled, or ground) on steer performance. Diets contained 40% field pea grain. Growing steers consuming whole field pea had greater ADG (P = 0.08) than those consuming processed field pea (1.69, 1.52, and 1.63 ± 0.05 kg/d, for whole, rolled, and ground, respectively). However, DMI (kg/d and as % of BW) and G:F were not different (P ≥ 0.24). In the third study, 35 individually fed gestating beef cows (694 ± 17 kg) were used to evaluate the use of field pea as a protein supplement for medium quality grass hay (9.3% CP). Treatments consisted of whole field peas at 1) 0 g (CON), 2) 680 g (FP680), 3) 1,360 g (FP1360), and 4) 2,040 g (FP2040), and 5) 1,360 g of 74% barley and 26% canola meal (BCM). Total intake (forage + supplement) of gestating beef cows increased with increasing field pea level (linear, P = 0.01; supplemented vs. nonsupplemented, P = 0.01). In summary, protein quantity and rate of ruminal protein degradation vary across sources of field peas used in this study. Additionally, because of source variability, nutrient analysis and animal requirements should be considered when field pea is incorporated into beef cattle diets. Processing field pea does not improve performance of growing steers. Supplementation of field pea to gestating cows consuming medium-quality grass hay increased total DMI. Overall, our data indicate field pea can be used in a wide variety of beef cattle diets.
INTRODUCTION
The amount of field peas (Pisum sativum) planted in North Dakota has increased dramatically (NDASS, 2010) . Reasons for increased production include sustainability and benefits in crop rotations, adaptability to the northern Great Plains, use of conventional cultivation and handling equipment, and that field peas are a legume and fix N in the soil (Anderson, 1998) . The field pea has been used effectively as a dietary ingredient (Anderson, 1999) or protein supplement for ruminants (Poland et al., 1996; Vander Pol et al., 2008 , 2009 ) because of its chemical composition (24% CP and 48% starch, DM basis; Petit et al., 1997) . Protein in field peas, like other legume grains, is rapidly degraded in the rumen; only a smaller fraction of its protein bypasses the rumen (RDP = 88% of CP; NRC, 1989) . A major limitation of inclusion of field peas in ruminant diets is the inconsistency of nutrient composition. For instance, CP content of a field pea cultivar (Pisum sati-vum L. 'Trapper') ranged from 14.5 to 28.5% DM basis (Reichart and MacKenzie, 1982) . Nutritional analyses and feeding value of many of the common cultivars grown in the northern Great Plains are limited. Additionally, the extent of processing necessary to maximize utilization of nutrients from field peas has not been investigated thoroughly in beef cattle fed forage-based diets. Moreover, much of the research on field peas in cattle diets has been conducted in dairy cows (Corbett et al., 1995; Petit et al., 1997) or finishing beef steers (Anderson, 1999; Birkelo et al., 2000) , whereas little work has been conducted on the use of field peas as a protein supplement for forage-based diets common in cow-calf operations. Therefore, our objectives were to define protein fractions in common field pea cultivars of the northern Great Plains and to evaluate the effects of processing on utilization of field peas in beef cattle diets and of supplementing increasing levels of field peas on intake of moderate-quality forage by beef cows.
MATERIALS AND METHODS
All animal procedures were approved by the North Dakota State University Institutional Animal Care and Use Committee.
Animals were housed at the North Dakota State University Beef Unit and Small Animal Research Unit in Fargo. Field peas used for the different experiment were from different sources, purchased at different years at various sites in North Dakota. Cultivars used were bulked samples from a supplier and represented multiple sources. However, the number of sources and locations are unknown. The cultivar Profi was used for experiments II and III because it is the cultivar grown in the greatest abundance in North Dakota.
Exp. I: Ruminal Protein Degradation of Pea Cultivars
Animals and Treatments. Two ruminally fistulated Angus crossbred steers (543 ± 5 kg of BW) were used to estimate the degradability of N of 4 field pea cultivars: Profi, Arvika, Carneval, and Trapper in ruminally incubated polyester bags (5 × 10 cm, 50 ± 15 µm pore size; Ankom Co., Fairport, NY). Steers were provided a 14-d adaptation period to a medium-quality bromegrass hay diet (Bromus inermis), fed ad libitum, and had unrestricted access to fresh water. Field pea samples were ground (2-mm screen) in a standard Wiley mill (model No. 3, Arthur H. Thomas, Philadelphia, PA) . Samples (5 g) were weighed into each bag, which was sealed with a heat sealer (type: AIE-200, American International Electric, New York, NY). Duplicate bags were placed in a larger mesh bag within each steer and incubated for 0. 33, 4, 8, 12, 16, 24, 36 , and 48 h. Two ruminal incubation runs were performed per steer. Therefore, there were a total of 4 replicates per field pea cultivar. All bags were presoaked for 20 min in 39°C water before ruminal incubation. Presoaked bags were placed under the ruminal fiber mat in reverse order so that all bags could be removed simultaneously. Bags incubated for 0 h were soaked only in 39°C water for 20 min. All bags were removed and rinsed with tap water to remove large particulate matter. In situ bags were then rinsed in a top-loading washing machine (General Electric, Louisville, KY) using the delicate cycle. The machine was filled with 45 L of cold water. Bags were agitated for 1 min, drained, and spun for 2 min. This cycle was repeated 5 times. Bags were dried in a forced-air oven (model SB-350, The Grieve Corporation, Round Lake, IL; 50°C), weighed, and stored at room temperature for laboratory analysis.
Laboratory Analyses. Polyester bag contents were analyzed for N (method 990.02; AOAC, 1997) after drying. The CP kinetic characteristics of field pea were estimated using the model proposed by Ørskov and McDonald (1979) . ), which was set arbitrarily at 0.02, 0.04, and 0.06. These values for ruminal outflow rate were selected to provide a reasonable range over which rates of digestion could be calculated (Tamminga et al., 1994) . The constants a, b, and c for each cultivar within each animal were calculated using the nonlinear regression procedures (SAS Inst. Inc., Cary, NC). The nonlinear model predicts potentially degradable protein or extent of digestion (asymptote); 1 = extent would represent the undigested fraction.
Statistical Analyses. Data were analyzed as a randomized complete block design using Mixed procedures of SAS. The model included field pea cultivar as fixed effect and animal as random effect (block). When differences between treatments were detected (P ≤ 0.10), means were separated using the method of LSD (Snedecor and Cochran, 1980) .
Exp. II: Processing Effects of Field Pea on Growing Steer Performance
Animals and Treatments. Thirty crossbred steers (301 ± 15 kg initial BW) were used to evaluate effects of varying degrees of processing of field pea Profi in a completely ramdomized design. Steers were individually fed in electronic headgates (American Calan, Northwood, NH) for 84 d. Steers were adapted to a common corn silage and alfalfa hay diet for 14 d and to Calan gate feeders for 21 d. After adaptation, steers were stratified by BW and allotted randomly to 1 of 3 dietary treatments: ground, rolled, or whole pea, with a mean particle size of 1,428 ± 1.35, 3,709 ± 1.58, and 5,138 ± 1.43 µm, respectively. Ground pea was processed using a hammer mill with a 28.6-mm screen (model 919.104, David Bradley hammer mill, Sears Roebuck Co. Inc., Hoffman Estates, IL). Rolled pea was processed using a single-stage, differential drive roller mill (model K, Roskamp Mfg. Inc., Cedar Falls, IA). Whole peas were not processed. Particle size determination was conducted using a full set of USA standard sieves (Fisher Scientific, Pittsburgh, PA), according to the procedures of ASAE (1993) and equations of Pfost and Headley (1976) . Diets were formulated to contain 40% field pea (DM basis; Table 1 ). Xylose-treated soybean meal was included in the supplement to ensure MP was not limiting growth. Steers were fed ad libitum once daily at 0700 h. Feed refusals were weighed weekly to estimate feed intake.
Animal Performance Measurements. Initial BW were determined by a 3-d average during which steers were fed a common diet (50% corn silage and 50% alfalfa hay). Final BW were determined by a 3-d average during which steers were fed the experimental diets at 2% of BW. Response variables measured included feed intake, ADG, and G:F.
Laboratory Analyses. Diet samples were collected weekly and composited (12 samples, 1/wk, and composited into 1 sample). Samples were analyzed for DM and CP (method 990.02; AOAC, 1997), as well as sequential ADF and NDF using the filter bag technique (Ankom Technology).
Statistical Analyses. Data were analyzed as a completely randomized design using the GLM procedures of SAS. Preplanned contrasts (whole vs. the average of the processed treatments and ground vs. rolled) were used to analyze the effect of particle size. Initial BW was used as a covariate (P < 0.03) for all variables measured.
Exp. III: Effect of Field Pea on Intake of Medium Quality Forage by Beef Cows
Animals and Treatments. Thirty-five gestating (last third of gestation; from an average of d 218 to 277 of gestation) crossbred beef cows (694 ± 17 kg initial BW) were allotted randomly to 1 of 5 treatments to determine effects of field pea Profi supplementation in cows fed medium-quality grass hay (9.3% CP; Table 2 ). Treatments were 1) no supplement (CON), 2) 680 g of whole field pea (FP680), 3) 1,360 g of whole field pea (FP1360), 4) 2,040 g of whole field pea (FP2040), and 5) 1,360 g of 74% barley and 26% canola meal (BCM). All supplement amounts are given on a DM basis. Field pea and BCM contained 21.4% and 19.9% CP, respectively (Table 2) . Cows were offered grass hay ad libitum twice daily (0700 and 1600 h) and supplement at 0630 h before feeding in individual Calan electronic headgates. Cows were supplemented for 58 d. Fresh water and trace mineralized salt blocks (96 to 98% NaCl, ≥0.3% Zn, ≥0.2% Mn, ≥0.2% Fe, ≥0.04%, ≥0.002% Co, and ≥0.002% I; Cargill Inc., Minneapolis, MN) were provided throughout the duration of the feeding period. Animal Performance Measurements. Initial (d 0) and final (d 58) BW were averaged from consecutive 2-d BW. Cow body condition was evaluated before and upon conclusion of the supplemental period and assigned a score (BCS; 1 = thin, 9 = obese; Wagner et al., 1988) . Body condition scores were averages of 3 individual observations. Laboratory Analyses. Forage and supplement samples were taken weekly and composited. Samples were analyzed for DM and CP (method 990.02; AOAC, 1997), as well as NDF and ADF (filter bag technique; Ankom Technology).
Statistical Analyses. Data were analyzed using a 1-way ANOVA using the GLM procedures of SAS. Preplanned contrast was used to compare nonsupplemented treatment (CON) vs. supplemented treatments (FP680, FP1360, FP2040, and BCM). Also, orthogonal contrasts were used to compare FP1360 with the BCM. Linear and quadratic contrasts were used to determine the effect of increasing amounts of supplemental field pea.
RESULTS AND DISCUSSION

Exp. I
Results of in situ protein degradation of field pea cultivars are displayed in Table 3 . Crude protein content of the 4 cultivars used in the current study ranged from 19.4 to 26.1% (DM basis). These values are similar to those previously reported for field pea (Reichart and MacKenzie, 1982) . Soluble CP fraction ranged from 54.9% for Profi to 34.9% for Trapper. There were no differences (P = 0.21) in in situ soluble CP fraction among Profi, Arvika, and Carneval. However, Trapper was less (P = 0.01) in soluble CP than the other 3 cultivars. In the most current NRC (2001) for dairy cattle, N disappearance at 0 h for raw field pea is 55.5 ± 11.5%. Bayourthe et al. (2000) reported that the CP rapidly degraded fraction of field pea varies with particle size from 32.7 to 83.4% when the particle size was decreased from 2,025 to 112 µm. Because field peas utilized in this study were ground using a 2-mm screen, the values observed in this study are within the range previously observed. It is not clear why Trapper had a decreased N disappearance compared with other cultivars.
The degradable fraction was greater (P = 0.01) for Trapper compared with the other cultivars, and no differences (P ≥ 0.25) were observed among Profi, Arvika, and Carneval.
Rate of CP degradation differed (P ≤ 0.03) for all cultivars, with Profi being the greatest, and Trapper the least (10.8, 10.0, 8.1, and 6.3 ± 1.4%/h for Profi, Carneval, Arvika, and Trapper, respectively). The NRC (2001) reported rate of CP digestion for field pea to be 16.7 ± 8.1%/h, whereas Soto-Navarro et al. (2004) reported rates of CP digestion for cracked field pea ranging from 5.7 to 7.6%/h. The increased in situ soluble fraction content and the rapid rate of CP digestion of the degradable fraction resulted in an increased RDP estimated content for the 4 field pea cultivars. Estimated RDP was not different (P = 0.21) for all 4 cultivars.
Exp. II
Effect of field pea processing on growing beef steer performance is shown in Table 4 . By design, initial BW was not different (P = 0.99); however, SEM was large Row means with different superscripts are different (P = 0.01).
c-e
Row means with different superscripts are different (P ≤ 0.03). 1 n = 4. 2 k = ruminal outlow rate.
(±14 kg). Due to the large variation in initial BW, performance data were analyzed using initial BW as a covariate (P = 0.03). Growing steers consuming whole field pea had greater ADG (P = 0.08) than those consuming processed field pea. Even though DMI (kg/d and % BW) and G:F were not different (P ≥ 0.20), whole field peas presented numerically greater DMI and G:F. The greater ADG for whole field peas can be explained by its numerically greater DMI and G:F. Another possible explanation for the greater ADG for the unprocessed pea treatment is that rolling and grinding treatments may increase the solubility of CP in the rumen, which might decrease the amount of protein reaching the small intestine for absorption. Bayourthe et al. (2000) observed that reducing particle size of ground field pea greatly increased the soluble CP and rate of CP degradation. Even though Vander Pol et al. (2009) reported no differences on total tract apparent digestibility of DM, OM, CP, NDF, and starch of dairy cows consuming diets containing rolled or ground field pea, decreasing CP ruminal solubility of field pea by extrusion increased milk production in dairy cattle (Petit et al., 1997) . Because field peas have increased CP solubility (Bayourthe et al., 2000; Soto-Navarro et al., 2004) , ammonia concentration most likely was adequate without processing field pea. Once the RDP requirements are met, no benefits are observed by feeding excess RDP (Soto-Navarro et al., 2003) .
Exp. III
Effects of prepartum field pea supplementation on mature beef cows fed medium-quality grass hay are displayed in Table 5 . Forage intake (kg/d) of cows tended to decrease linearly (P = 0.07) with increasing field pea supplementation amount. However, when forage intake was expressed as a percentage of BW there was no effect (P = 0.79). Forage intake for FP1360 and BCM were similar (P = 0.54). Total intake (forage + supplement) increased linearly with increasing field pea (P < 0.01) and was greater in supplemented vs. nonsupplemented cows (P < 0.01).
Less severe effects of field pea on forage intake were expected than those observed with barley (Boyles et al., 1998; Lardy et al., 2004) or corn (Chase and Hibberd, 1987; Sanson et al., 1990; Pordomingo et al., 1991) supplementation, because field peas have moderate starch content and relatively high CP (47% starch and 21% CP; Loe et al., 2004) . Forage intake was expected to be similar between FP1360 and BCM1360 because the same amount was fed and they had similar starch and CP content. The starch content of the BCM1360 was calculated to be 48.1%. The starch content of barley used for the calculation was 65% (NRC, 1996) . This value is very similar to that of field pea (47%; Loe et al., 2004) . Likewise, CP is similar between both treatments (21.4 and 19.9% for field pea and BCM1360, respectively; Table 2 ). Also, the 1,360 g/d supplemented to 699-kg cows (Table 5 ) only represents 0.19% of BW. The grain supplementation amount that would minimally affect forage utilization is approximately 0.58% of BW in 700-kg animals (Horn and McCollum, 1987) . Moreover, Lardy et al. (2004) reported that barley supplementation at 0.8% of BW only marginally affected forage intake of steers consuming medium-quality forage.
By design, initial cow BW was not different (P = 0.99) between treatments (Table 5) . Increasing field pea supplementation amount had no effect (P = 0.16) on cow BW change. However, cow BCS change tended to be positively influenced (linear, P = 0.06) by field pea supplementation. Also, numerical advantages in BCS were observed for supplemented cows (supplemented vs. nonsupplemented, P = 0.11) cows. However, these changes in BCS were small and not likely biologically significant. Supplementation of cows 58 d before calving did not affect calf birth weight (supplemented vs. nonsupplemented, P = 0.88; 42 ± 3 kg). Based on the Field pea processing method: whole = whole field pea mean particle size 5,138 µm; rolled = rolled field pea mean particle size 3,709 µm; or ground = ground field pea mean particle size 1,428 µm. present data, the control diet was adequate to meet the nutritional requirements of pregnant beef cows during the last trimester of gestation.
Cows in the current study were in optimum prepartum body condition (>6.1; 9-point BCS beef scale; Wagner et al., 1988) at the initiation of supplementation. This evaluation model agrees with our data (Exp. II) and others (Aguilera et al., 1992; Corbett et al., 1995) who previously reported a relatively small undegraded protein fraction in whole, unprocessed field pea.
In summary, our results indicate that field pea sources vary in CP and rate of ruminal CP degradation. Unprocessed field pea (whole) results in better performance than that observed from the processed (rolled or ground) grain. Our data also indicate that rumen degradable and MP requirements were met in cows fed moderate quality grass hay (9.3% CP) without field pea supplementation. Due to variability in protein composition across cultivars of field pea, nutrient analysis and animal requirements should be considered when field pea grain is incorporated into beef cattle diets. Overall, our data indicate that field pea grain is an acceptable alternative to traditional cereal grains and protein sources when incorporated into beef cattle diets. 
